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ABSTRACT

The purpose of this study wus to evaluate the influence of intcrmittent exercise and knit

structure of underwear on various subjective sensations of temperature and humidity. Underwear

manufactured from 100% polypropylene fibers in five different knit structures (1-by-i rib, fleece,

fishnet, interlock, double-laycr rib) were applied and tested as part of a prototype clothing

system. Human testing was done on eight male subjects and took place at T-=5*C, T®-.-3.5*C

and V,=0.32 m.s"1. The test comprised a twice repeated bout of 40 mrin ,ycle exercise (3i5

W.mr2 ; 52:4.9% VOzmax) followed by 20 min of rest (62 W. mz). Intermittent exercise had

a significant influence on all temperature and humidity sensations of the body, of the skin-

clothing interface, and of the environment. Knit structures of the underwear influenced

sensations of humidity significantly, but not sensations of tcmperature. The various sensations

of temperature correlated best with core temperature, whereas the sensations of humidity

correlated with skin wettcdness. Subjective sensations of wetness of the skin ard of the clothing

arc recommended as a sensitive tool to discriminate between the thermal function of similar

garments.

Keywords: subjective sensations, intermittent exercise, cold, underwear, thermoregulatory

responses



knitl.erg 3

1. INTRODUCTION

In occupational as well as recreational outdoor activities, intermittent exercise is

common. In autumn and winter, a varying activity level may easily result in periods of sweating

and chilling. In these situations, thermoreceptors are of significance for autonomic temperature

regulation, and for conscious sensation of the temperature of the body and of the actual

environment. ,The sensitivity to thermal stimuli varies bctwcen the core and diffi.rent body

surface areas ,Bleic-ert-11d-Behlifil 1913_;Crai,,whaw et al. 19754, Humans have no humidity

receptors, but in some way the wetness of the skin is also sensed, and can be related to the

evaluation of comfort and discomfortijWiiisiow at-al. f931t. Also, the clothing worn generates

thermal and contact wearing sensations (Hollies et al. 1979; Owosdow et al. 1986).

In nude people in a warm environrmcn, a scnse of pleastuntnesN and comfort is

associated with low values of skin wettedness (Winslow et al. 1937). When more than 50.65%

of the body surface is wet, it is experienced with discomfort (Gagge et el. 1969). In dressed

people little moisture is probably required in the skin.clothing interface to introduce sensations

of discomfort. Hollies (1965) reporqd that strong sensations of discomfort were noted when

sweating oc-urred, and also during modest excursions of warming and chilling following the

inception of sweating. After the addition of wA, er to the shirt, he observed the same sensations

as with sweating showing that water at the skin-fabric interface was involved. Also, the hand

.'- of fabric perceived has been reported to change with moisture at the skin surface (Sullivan

1927; Gwosdow et al. 1986). To our knowledge, the significance of conscious thermal sensation

from alternating wet, warm and cold clothing at the skin s,.-.face as a result of sweating during

intermittent exercise in a cold environment has not been previously studied. How various fiber

type materials and knit constructions of the clothing layer next to the skin influences the micro

environment directly over the skin surface, and the sensory input from the skin under these

thermal conditions is also unknown. Practical experience has demonstrated that cold, moist

fabric6 in contact with the body produce an unpleasant sensation, referred to as a 'chilling

effect" or a "clammy feel".

" The purpose of the present study wE's to investigate the development of various

subjective temperature and humidity sensations of the body. of the skin-clothing interface, and

of the environment in dressed subject's during intermittent exercise in an environment resulting

in both periods of sweating and chilling. Further, we aimed to study the significance of the knit

structure in underwear during the course of the subjective sensations, and whether there was

any correlation between subjective sensations and physiological/physical observations.

2 )U . -~ • -

(.-t ) - " .:.- . . .'- ( "'
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I. M.THODS

Sbj., Eight healthy males volunteered for the present series of experiments. Before any

testing, the subjects were informed about the purpose of the study, any known risks and their

right to terminate participation without penalty. They expressed understanding by signing a

statement of informed consent. None of the subjects did more than two test sessions per week.

They had an average (±s.d.) age of 23±4.9 years, wcight of 74:11.6 kg, height of 177±4.7 cm,

DuBois surface area (A~,) of 1.91±0.146 m2 and maximal oxygen consumption of 3.34±0.644

liters 0'. min*1.

Garment description. The clothing system was comprised of a two-piece long-slccved/long-legged

underwear ensemble, a Battle Dress Uniform (BDU) shirt and trousers (50% cotton/50%

nylon,, woolen socks, gym shoes, and woolen gloves. Underwear manufactured from 100%

polypropylene fibers in 5 different knit structures (1-by-i rib (K1), fleece (K2), fishnet ((3),

interlock (K4), double.layer rib (KS)) were worn. Insulation values of all five clothing systems

and all five underwear ensembles were measured on a thermal manikin (Madsen 1971) (see

Table 1). Fach sihject had his own separate clothing system. Betar. any testing wis done on

humans, all underwear and the rest of the clothing system were launde, "I and air-dried five

times without the use of any detergent. This was done to remove any excess finishing chemicals

in the textiles. For each subject, the order in which the clothing systems was tested, was

randomized.

Experimental protocol. Conditions were designed to mimic real-life situ.tions where sweating

and after-exercise chill would develop while wearing this type of clothing. Testing occurred in

a climatic chamber at an air temperature (T,=T,) of 5.0O0.52°C, a dew point temperature of
3.5±0.31°C (-54 % relative humidity), and an air vclocity of 0.32 m.s"'. The air flow was

created by large fans and directed towards the front of the subject.

To standardize the initial heat content of the five clothing systems and thus eliminate thiq as

a factor of variation for the heat exchange in the body-clothing-environment during the

experiment, a rigid procedure was followed. The clothing was stored in the antcchamber at least

two hours before the experimental procedure began (T,-29*C and rh-20% -6.0 kPa). The

elaborate, standardized dressing procedure of the subject also took place in this antechamber.

Each subject reported to the laboratory at the same time of the day for all experiments to avoid

any circadian variation in body temperature. After arrival he was wcighed in the nude and then

instrumented with chest electrodes for heart rate (HR), thermocouples for esophageal and skin

temperatures and dew point sensors on the skin, and approximately ten minutes later he began

the 2-hour test. The test comprised a twice repeated bout of 40 minutes of cycle exercise (60
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rpm; 1.8*0.37 kp) followed by 20 minutes of rest on the ergometer (EXI, RE1, EX2 and

RE2). Eai;h subjeet always exercised at the same exercise intensity (an average of 56-9.01

W.m' 2 ) that had been chosen so it would approximate 55% of his VOzmax. The metabolic

energy production (M) measured during exercise was at average 1.74±0.345 liters 0.minm1

(52*4.9% VOzmax) and during rest 0.35±0.085 liters 0 *min"1.

Esophageal, skin and air temperatures, as well as dew point temperatures at the skin and in the

ambient air were monitored every minute during the test and stored for analysis. Body weight

was sampled every 20 seconds from a Potter bed balance and HR was recorded every 10

minutes. VO2 was measured during the last 5 minutes of the first exercise and rest period,

respectively. Two minules afrtr'; cessation of the test the subject left the test chamber and

undressed immediately in the antechamber.

S ub~ctive reactions. Psychophysical rating ballots were developed to obtain information about

local and overall thermal sensation (Gagge et al. 1969), degree of shivering and sweating

(modified from Nielsen et al. 1987), sensation of skin (modified from Umbach 1982) and

clothing wetne~s, clothing comfort and ambient temperature preference (Nielsen et al. 1987)

(Table 2, part I). The rating scales and the various sensations wcre discussed with the subject

in advance of the first experiment. These scales were presented to the subject every 10 minutes

during the experiment. After each experiment the subject was asked to give a more general

wvuluuLiun of th. pruperkift of the uluthing byutom worn (Tublo 2, part II).

Phyliological variables. The methods used to measure oxygen uptake. esophageal temperature,

skin temperature, dew point temperatures near the skin, evaporative heat loss, non-cvaporated

and total sweat loss are described in detail elsewhere (Nielsen and Endrusick 1989). Mean skin

temperature (tOk) was calculated as an area-weighted average of measurements from nine

different skin sites using the formula (modified from Gaggc and Nishi 1977):

tak = O.O5Th•.,++0"0 7(Tfoe..a,,+T4jp.a,,,+Th..ad)+0. 20 Tc.gf+0.19TthIgh+

0. 75(TCh..t+(T r•rbsk +Ttodbsck)/ 2) (°C)

Mean body temperature was calculated as (Hardy and DuBois 1938):

tbO 0ST.. + 0.21Tok (°C)

Local skin wettedness, w, on the back, chest and thigh was calculated as:

w = (Pek.P,)/(Pe, k-P,)

where Pgk is the vapor pressure at the skin surface obtained from thc dew point sensor, P,,,k

is the saturated vapor pressure at the local skin temperature and P. is ambient water vapor

pressure (Berglund et al. 1983). Ani average skin wettedness for thigh and torso area was

estimated using the actual local skin surface area's fraction of the total body surface area:
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w a (0.175wCh,,, + 0.175w,,,k + 0.190wtg)10.54

ttistical analyi. A paired m-tcst was used to test whether there was any difference in

subjective ratings between the first and the second test period. Repcated-measure, analysis of

variance (ANOVA) was used to determine whether the factor 'knit structure' had any

significant effect on subjective sensations during the course of the test. In the event that

ANOVA revealed significant main effect, Tukey's critical difference was calculated and used to

locate significant difference between means. All differences reported are significant at the

p<O.05 level. SAS (1985) was used to do transformations of the ballot axes, correlations and

linear regressions between pairs of selected variables, and the SAS stepwise procedure to

include several selected variables in a linear model.

3. RESULTS

3.1 Subiective ratings during alternating workirest.

Average values of the subjective ratings for each clothing system are presented In Figure 1.

Alternating work/rest had a significant influence on all subjective ratings.

Thermal sensation of the whole body increased during the course of the exercise reaching an

average level between 'slightly warm' and 'warm' after 30 minutes. In the beginning of the rest

period the thermal sensation changed abruptly and after 10 minutes was graded between
'neutral' and 'slightly cool' while after 20 minutes of rest it was graded even cooler. 'Thcre was

no difference between the ratings in EXI.RE1 and in EX2.RE2. The hands were experienced

as 'slightly warm' to 'warm' at the end of both exercise periods, 'neutral' after 10 minutes of

rest, and between 'ncutral' and 'slightly cool' at the end of the rest periods, The ratings in EXI-

REI and EX2-RE2 only differed significantly after 10 minutes of rest, when the hands were

sensed colder in RE2 than REI. The feet were judged between 'neutral' and 'slightly cool' in

the beginning of EXI; however, over the course of the exercise the judgment changed to

between 'neutral' and 'slightly warm'. During REI the rating of the feet changed to 'slightly

cool'. In EX2 the judgment increased again to 'neutral' and during RE2 to 'slightly cool' to

cool'. All in EX2.RE2 were lower compared to the saime time in EXI-REI (p<0.05.

n-40) except 9min vs 69min.

Sensationt of sweating was at iaverage judged between 'slightly sweating' and 'moderately

sweating' at the end of both exercise periods. No difference was visible in the course of this

sensation in the two periods, except when comparing the. bgiLnnn•_of the two exercise periods

(9mi vs 69 mi, where the sensation of sweating was higher in EX2 compared to EXI
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(p<O.05). After 10 minutes of rest, sweating was on the average no longer experienced and at

the end of the rest periods shivering wcs reported from some subjects.

Sensation of wetness of the skin changed from normal dryness to 'chest and back wet', 'body

wet' to 'clothing sticks to the skin' at the end of both exercise periods. The sensation of

wetness decreased during the rest periods, but after 20 minutes of rest chest and back was still

rated between 'slightly wet' and 'wet'. The wetness tended to be rated higher in EX2 compared

to EXI (p<0.1), but the difference was only significant when comparing the beginning of the

two exercise periods (9min vs 69min).

Sensation of wetness of Obe clothing changed from 'dry' to between 'slightly damp' and 'wet'

after 40 minutes of exercise. During rest the clothing was still being rated 'slightly damp' to

'damp'. The clothing was rated significantly more damp in the second exercise period compared

to the first (p<0.05; 9min vs 69min, 19mrin vs 79min, 29min vs 89min).

The sensation of the temperature of the clothing changed slightly dAring the exercise and was
'neutral' to 'slightly warm' at the end of the exercise. At rest the clothing was rated 'neutral'

to 'sligbtly cold'. There was no differcnce between the ratings in the two periods, except at the

end of the 43) minutes of exercise when the clothing was rated warmer in EX1 (p<0.05).
During exemise the subjects expressed a preference for a slightly lower ambient temperature,

whereas at rest they wouid have preferred a slightly higher air temperature. There was a slightly

higher rating during RE2 compaTed to REI, being significant for 49min vs 09mnin (p<0.05).

The actual sensation of the underwear against the skin was judged as smooth by almost all

subjects, and this judgment did not vaiy over the course of the test. Afier the test nearly all
subjects evaluated the clothing ensemble to have been comfortable during the test, to have had

a 'snug' or 'slightly loose' fit. and to have clung somewhat to the body.

3.2 Effect of knit structure on subjective reactions.

The sensation of wetness of the clothing was the subjective expericnce most significanti,

influenced by the knit structure of the underwear worn. After 10 minutes of exercise K2 and

K5 were reported to be more damp than K1 and K4 (p<0.05). Throughout the test K2

continued to be rated more damp than some of the other knit structures under study (20min:
K2>K4; 40min: K2>K3,K4; 50min: K2>KI.K4; 90min: K2>K4; 100min: K2>K1,K3,K4;

110min: K2>K4). Four of the five knit structures (K1, K2, K3, K4) were rensed more damp
at 69min compared to 9nain (p<0.05), and for K2 and K4 this difference persisted even at

19min vs 79min.
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Sensed wetness of the skin tended to be rated highest with K2; however, there was only a

significant effect of knit structure after 20 and 30 minutes in both exercise periods (K2>K4).

For both K2 and K4 wetness of the skin wag rated significantly higher in the beginning of EX2

compared to EXI (9min vs 69min, and for K2 also 19min vs 79min). Sensed temperature of

the clothing also tended to be higher and warmer with K2 than K3 and K4. and sensation of

sweating during work tended to be rated higher wearing K2 compared to the other clothing

systems; however, the effect of knit structure was only significant at 19min. No main effect of

the knit structure of the undcrwear could be detected at any singlc timc on the grading of

thermal sensHtion of the whole body, of thermal sensations of the hands and the feet, or on

the ambient temperature preference.

The actual sensation of the underwear against the skin was not influenced by the knit structure.

The questions asked after the experiment about the pcrformance of the garment did not show

any variation with knit structure.

3.3 Thermoregulatory responses.

Ahernating work/rest had a significant influence on the thermorcgulatory responses (Figure 2)

(described in detail in Nielsen and Endrusick 1989). Knit structure of the underwcar in the

prototype clothing ensemble had no influence on core temperature, but had a significantly large

influence on the thermoregulatory responses at the skin during the intermittent exercise.

Differences were found in mean skin tenmcrature, body temperature, local and average skin

wettedness, and non-evaporated and evaporated sweat.

3.4 ReLationship between subtictiv ratings and phyliglogical reactions.

Subjective ratings were compared with selected physiological variables that possibly could have

affected the grading.

The sensation of the wetness of the clothing correlated well with average skin wcttedness

(r=O.62). The sensation of wetness of the clothing at the end of the test was well correlated

with the amount of nofi-evaporamc sweat, i.e. sweat accumulated in the clothing (r=0.63).

Thz sensation of skin wetness also correlated well with the measured averi.ge skin wettedness

(raO.63), and this relationship was significant at each time (9, 19, .., 119min). Transforming the

rating scale on skin wetness into a logaithmic scale before the correlation was done showed

no improvement in the correlation coefficient (r-0.66). Adding skin or core temperature to the

model did not provide a better correlation. Measured skin wettedness at the chest was the most

important local skin wettedncss for input to the sensation of skin wetness (r-0.59). The sweat
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absorbed in the clothing at the end of the experiment correlated well with the sensation of skin

wc.tness at the end of the test (r-0.63).

Sensatlon of sweating correlated best with ceophageal temperature (r=0.59); however, including

average skin wettedness in the linear model increased the correlation considerably (raO.68),

whereas skin temperature had no positive influence.

Thermal sensation of the body correlated well with esophageal temperature (r=0.57), but even

better with mean body temperature (r-0.59). The correlation between thermal sensation of the

body and mean skin temperature was significant, but not high (r-O.33). Thermal sensation of

the hands was far better correlated with core temperature (rO0.50) than with hand skin

temperature (r=0.26).

The correlation between sensation of clothing temperature and the mean surface temperature

of the underwear was significant, but not high (r- 0.30). A stronger correlation was found to

esophageal temperature (r=0.44). and including both esophageal and mean skin temperature

in a linear model increased the correlation coefficient (r=0.55).

The ambient temperature preference correlated best with esophageal temperature (r-0.35).

Including mean skin temperature in the model did not further increase the correlation

cocffis;ient.

4. DISCUSSION

The set of rating scales used in this study was developed in order to give information

separately about the thermal state of the body, of the sensation of temperature and wetness of

the skin, the sensed temperature and wetness of the clothing in contact with the skin, and

finally the ambient temperature preference. Alternate work/rear had a significi4nt influence on

all the subjective temperature scnsations, whereas the influence of knit structure was less

pronounced and only the sensed wetness of the clothing differed significantly between knit

structures throughout the test.

Correlations between the subjective t'mperature ratings and the physiological responses

for most of the various subjective ratings showed a high correlation with esophageal

temperature. The scnsation of skin wetness and sensed wetness of the clothing did not show

such a correlation. All subjective temperature sensations were quite insensitive to knit structure.

whereas alternate cxcrcise/rest had a significant effect. Core tempcrature has in several studies

been &hown to be a major determinant (80.90%) of whole body thermal sensation, with mean

skin temperature as another, but less important determinant (e.g. Blcichert and Behling 1973;

Nielsen and Nielsen 1984). Exercise has a major influence on the core temperature level
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(Nielsen 1938; Saltin and Herniansen 1966), and therefore it is not surprising that we also

observed significant changes in the thermal sensation resulting from changes in esophageal

temperature induced by alternating work/rest (Figure 2). Knit structure of the underwear only

influenced the thermoregulatory responses at the skin. Skin temperature had a minor, but

significant intluence on the thermal sensation of the body in the present study; however, this

must be due to variations of skin temperature with alternate work/rest during the course of

time, as the difference in mean skin temperature caused by wearing various knit structures did

not give rise to any ditterence in thermal sensation of the body at 9min, 19min, etc. Sensations

of clothing temperature and ambient temperature preference were not correlated to mean skin

temperature. Although core temperature was the major determinant of these two experiences,

the correlation coefficient was lower the further away from the core the evaluation was done.

This may either reflect different buffer actions of the various underwear systems used, or that

the influence of the environment is less than the influence of work/rest on these sensations, or

that the distribution of the data is too narrow to get a good correlation. However, the

intercorrelation between thermal sensation of the body (TSB) and sensation of

sweating/shivering (SSS), clothing temperature (SCT) and ambient temperature preference

(ATP), re&peoctively, was high (TSB vs SSS: r=-0.81; TSB vs SCT: r=0.74; TSB vs ATP: r=0.71).

For all three sensations of humidity in the skin environment, skin wettedness was an

important factor; however, for the sensatio'i of sweating esophageal temperature was more

important. core temperature is the most important afferent ;nput to the temperature regulation

which promoted sweating (Kerslake 1972), and seemingly core temperature also correlates well

with the sensation of sweating with skin wettedness being another albeit less prominent

determinant. Rated wetness of the clothing and wetness of the skin wre the two sensations

most sensible to the variation in knit structure of the underwear and to the difference in skin

wettedness between the repeated work/rest periods. Both sensations correlated well with average

skin wettedness, i.e. a physiological variable within the skin-clothing interface where the knit

structure influenced the physiological responses. The sensation of wetness of the clothing was

probably also influenced by the amount of sweat accumulated in the clothing; however, we

could not measure this continuously throughout the test, only at the end of the test, and at this

point in time the amount of sweat accumulated in the clothing correlated well with the

sensation of wetness of the clothing. The present results indicate that subjective sensations of

humidity at the skin and in the clothing ar'2 the most cffective ratings to discriminate bctween

clothing systems that do not differentiate enough in terms of insulation to provoke differences

in core temperature.
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How can we sense wetness on the skin and in the clothing without humidity sensors in

the skin ? Does sweat/water on the skin influence the therinoreceptors, so we sense a slightly
different temperature with sweat/water on the skin compared to air ? Or does the sweat/water

on the skin contemporarily change the afferent input from thermoreccptors and tactile receptors

in the skin, so that affercnt input to the brain centers by experience is combined and connected

to a sensation of skin wetness ? Green (1980) showed that a tactile stiftulus adopts thermal

sensations from adjacent conductive thermal stimuli focusing thermal sensations at the site of

tactile stimulation. Other investigators (e.g. Hensel and Zotterman 1951; Iggo 1960; Kzisbestol

and Vallbo 1970; Poulos and Lende 1970) have shown that many mechanoreceptive afferents

show significant increases in spontaneous firing rates as the skin is cooled, which may be

perceived as an increment in tactile sensation at the skin. Warming the skin leaves most tactile

afferents unaffected, except maybe for the polymodal nociceptors (unmyclinated C fibers)
especially found in hairy skin (Torebjork 1974). This means that a bimodal interaction actually

binds tactile and thermal sensations together into a cohesive perception. In nude man a

sweat/temperature-mediated increase in firing rate from the tactile receptors could be caused

by a weight action of sweat on hair pressing these towards the skin. It would probably require

a considerable skin wettedness before such a relatively light tactile stimulation could be sensed.

In nude man the sensation of skin wetness is hypothesized to be more sensitive with a cool

skin compareol to a warm skin considering the temperaturc-mediated Increase in nervous firing

rate. In the present study, this is supported by skin wettedness on the chest being the most
important local input of the sensation of wetness (the cooling of the skin was greatest here).
We are not aware of any studies on nude man relating skin wettedness directly to the sensation

of skin wetness. Actually, few studies have been done on the sensation of skin wetness.

However, Gagge et al. (1969) related skin wettedness to a sensation of discomfort. Discomfort

was observed at 50.65% skin wettedness, which is a much higher value than observed in dressed

man. Unfortunately, in this study we did not include experience of comfort in the ballots.

Clothing will move across the skin and stimulate cutaneous tactile receptors in

proportion to the amount of skin displacement occurring upon contact with the fabric. Sweat

(Naylor 1955; Gwosdow et al. !986) and water externally applied to the skin surface (Nacht et
al. 1981; Sulzberger et al. 1966) increase skin surface friction. The higher the friction, the larger

the amount of skin displacement, and thus the greater the tactile stimulation. At the same time
_ _ _

as_ movcment of clothing _produces tactile sensations it may also shortly produce stimulations
with-; different temperature. In the present study clothing temperature was experienced to vary

with work/rest and with knit structure. An Influence from heavy wet clothing on tactile

• i ...... .. . .. . i - i .. .. . . . i i • i . .. .. .I i I i i . . . . I - •i I i . . . ... ... i ... i • -



knitl.crg 12

receptors in the skin would give a stronger stimulus compared to sweat on nude skin, which

indicates that in clothed man the threshold for sensation of wetness would be at a lower level

of skin wcttedness than in nude man. The lower the skin or the clothing temperature, the lower

the level of skin wettedness that can be sensed. In a situation where the skin/clothing interface

is wet for an extended period of time hydration of the skin may occur. This swelling of the cells

in the skin may sensitize the tactile receptors in the skin, and thus further increase the

sensitivity to skin wetness. In the prcsent study, this may have occurred in the EX2.RE2.

Comfort acceptance of garments next to the skin is in some way re~ated to the ability

of these garments to remove sweat from the skin-clothing interface (Hollies 1977). It was

proposed clsewhere (Nielsen and Endrusick 1989) that the openness of the knit structure in

underwear allows for different degrees of convective cooling of the skin, thus producing

diffcrent thermorcgulatory responses at the skin. Results of Hock (1944) indicate that the

extent of contact between underwear and skin may also be of direct importance for the

thcrmoregulatory and the subjective re&sponses. He found for mostly hydrophobic textiles that

the sensation of chilling produced on the forearm by wet tcxti!e samples was related to the

produced drop in skin temperature, which further was a function of the extent of contact the

textile samples mude with the skin. The extent of contact a fahric makes with the skin depends

on the knit structure. However, the extent of contact with the skin also varies with the amount

of absorbed humidity (Hock 1944). The hydrophliic materials used In the underwear in the , , ,.

present study did not absorb much sweat, and the heat loss by conduction due to the contact

between the fabric and the skin can be considered negligible. The extent of contact between

skin and underwear are probably of less importance with hydrophilic compared to hydrophobic

materials. Fabric& which are superior in comfort at one moisture percentage usually show similar

characteristics at other moisture levels (Hock 1944).

5. CONCLUSIONS

In summary, intermittent work significantly influenced various subjective temperature and

humidity sensations, Knit structure of underwear influenced sensations of humidity significantlY,

but not selisations of temperature. The various sensations of temperature mainly depended on

core temperature, whereas the sensations of humidity correlatcd best with skin wettedness. It

is therefore concluded, that subjective sensations of wet.ness of the skin and of the clothing are

the best subjective tools to discriminate between the thcrmal function of garments that do not

differ enough to produce differences In core temperature.
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LEGENDS

Table 1. Physical characteristics of the tcxtiles applied (ASTM D1518-77, ASTM

D1774-64, DIN 54101) and of the garments measured on a thermal

manikin.

Table 2. Rating ballots.

Figure 1. Time progression of the -ubjcctive ratings (na8). (KI o, K2 D K.3 x, K4

Figure 2. Time progression of esophageal, mean skin temperature, body temperature

and average skin wettcdness (n=8).
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Table 1.

Knit Structure 1-by-J rib Fleece Fishnet Interlock 2-layer BDU
KI K,2 K, K4 K5

TEXTILE SAMPLES

Fabric thickness (ram) .84 1.65 1.04 1.04 .81 .58
+ BDU on top 1.33 2.06 1.40 1.43 1.30

Thermal resistance* .156 .193 .139 .148 .147 .121
+ with BDU on top .165 .208 ,166 .160 .164
(m2 .K.W"1)

Water vapxor resistance" 15.0 19.5 17.1 15.4 16.0 12.5
+ with BDU on top 21.7 23.8 20.2 23.8 23.4
(m2 .Pa. W')

THERMAL MAN%&

Total thermal resistance (Ro)
(m2.K.W 1)

Underwear ensemble only .136 .164 .140 .144 .144

Clothing system .243 .268 .256 .248 .250

" Includes thermal resistance of air: .106 m2 .K.W*

"Includes water vapor resistance of air: 8.8 rr2 . Pa- W"
° Includes thermal resistance of air (R,): .104 m2 .K.W'"
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